Introduction
Coumarin derivatives are an important class of compounds and are well-known for their biological activity. Many of heterocyclic derivatives on the basis 2H[1]-benzopyran-2-one play an important role in various life processes, and they are found as an ingredient in the plant world. Many such derivatives exhibit various biological activities, 1 such as anticoagulant, 2 antimicrobial, 3 antibacterial, 4 , 5 antifungal 6 and antimalarial. 7 Some of coumarin analogs also exhibited antioxidant, 8, 9 antitubercular 10 and anticonvulsant activity. 11 It was reported that a significant number of substituted derivatives of benzopyran-2-one also show, sedative, 12 analgesic and antiinflammatory, 13 anti-HIV, 14 and hepatoprotective activity. 15 According to that, many of them have found widespread usage in pharmacies. 16 On the other hand, azetidin-2-one derivatives reported having a wide range of biological activities, 17 including those antimicrobial, 18 anti-fungal, 19 anti-convulsant, 20 and anti-HIV activity. 21 The biological activity of these derivatives is conditioned by their structure, so the presence of different substituents on the benzopyrone ring indicates their impact on the type and potency of biological activity. Despite continuous efforts, the relationship between structure and biological activity of these derivatives so far has not yet been sufficiently clarified. Extraordinary biologically importance of such derivatives on the basis of thiazolidine-4-one has generated a constant interest for their synthesis and research. In continuation of our previous studies and attempt to synthesize the new derivates, 22, 23 in this paper we had intended to synthesize some new amino-phenylamino)-3-nitro-chromen-2-ones and substituted thiazolidyne-4-ones with benzopyran-2-one moiety, which could serve as pro-pharmaceutical products.
Methods and materials
The compounds are synthesized using commercial reagents of Aldrich company as precursors under catalytic conditions. Reactions are monitored by TLC using Merck Kieselgel-60 (F-254) as the stationary phase and a mixture of benzene, toluene, glacial acetic acid (v/v/v, 80:10:10) as the mobile phase. The synthesized products are purified by crystallization from methanol and ethanol. Melting points are determined used a paraffin oil bath with an open capillary tube. IR spectra are recorded in KBr discs on Shimadzu 8400xFT-IR spectrometer with 4 cm -1 resolution.
1 H-NMR and 13 C-NMR spectra are recorded in DMSO on UNITYplus-500"NMR 1" spectrometer. Chemical shifts were reported in ppm downfield from TMS as internal standard (δ 0.00). Examination of the antibacterial activity of the synthesized compounds is done using standard discs (d=5.0 mm, maximum capacity 10 pg) on the basis of Standard Disc Method. Standard discs are previously impregnated with 2 mg mL -1 , 4 mg mL -1 and 6 mg mL -1 solutions of compounds in -DMF.
Preparation of 4-(4-Amino-phenylamino)-3-nitro-chromen-2-one, 3
4-Chloro-3-nitrobenzopyran-2-one, 2g (9.0 mmol) are dissolved in 6 mL of ethanol, then in small portions was added the mixture containing 0.97g (9.0 mmol) benzene-1,2-diamine in 5 mL of ethanol and then 2-3 drops of triethylamine was added to the mixture. The content is mixed for 10 min at room temperature, then refluxed for about 90 minutes. After cooling, the mixture is concentrated in the rotary evaporator, and the crystalline product is filtered off under vacuum and washed with 2 × 1 mL of ethanol. The crystalline product is dried and crystallized from methanol, giving) 4-(4-aminophenylamino)- 
General procedure for preparation of 4-[4-(benzylideneamino)-phenylamino]-3-nitrobenzopyran-2-ones, 4(a-c)
Product 3 (0.3 g, 1.0 mmol) is dissolved in 20 mL of absolute ethanol and to this mixture was added in small portions 1.5 mmol of aromatic aldehyde (benzaldehyde, salicylaldehyde or 3-nitrobenzaldehyde respectively) dissolved in 10 mL of absolute ethanol. Then there was added 2 drops of piperidine as a catalyst and the mixture was mixed for 15 min at room temperature and refluxed for 10 to 12 hours. After cooling, the mixture is concentrated and the crystals are filtered off under reduced pressure, then washed with 2x1 mL of ethanol and dried in the air. crystallization of the products 4a-4c was conducted from ethanol or methanol. 
4-[4-(

3-Nitro-4-{4-[(3-nitro-benzylidene)-amino]-phenylamino}-chromen-2-one, 4c
Yield 
General procedure for preparation of 3-[4-(3-nitro-2-oxo-2H-chromen-4-ylamino)-phenyl]-4-phenylazetidin-2-ones, 5a-5c
In the solution that containing 0.5 mmol of the corresponding product 4a-4c dissolved in 10 mL of benzene, 0.12 g (1.5 mmol) acetyl chloride was added. The mixture is stirred for 10 min at room temperature and then is refluxed for 12-13 hours. After cooling the product is concentrated and the remaining solid is dissolved in 5 mL of methanol, then heated to boiling and the excess of acetic acid is neutralized by adding 0.3 mmol sodium bicarbonate NaHCO3 (controlled paper litmus until the solution undertake the blue color). The mixture is cooled in an ice bath and then filtered off under vacuum, then is washed with 2×1 mL of ether and dried in the air. The products are crystallized from methanol.
1-[4-(3-Nitro-2-oxo-2H-chromen-4-ylamino)-phenyl]-4-phenylazetidin-2-one, 5a
4-(2-Hydroxy-phenyl)-1-[4-(3-nitro-2-oxo-2H-chromen-4-ylamino)-phenyl]-azetidin-2-one, 5b
1-[4-(3-Nitro-2-oxo-2H-chromen-4-ylamino)-phenyl]-4-(3-nitro-phenyl)-azetidin-2-one, 5c
[(3-Nitro-2-oxo-2H-chromen-4-ylamino)phenyl]phenylazetidin-2-ones
Results and discussion
During the condensation reactions of 4-chloro-3-nitrobenzopyran-2-one 2 and phenylenediamine, 4-(4-amino-phenylamino)-3-nitro-chromen-2-one, 3 is synthesized in good yield. By condensation reaction of product 3 and benzaldehyde, salicylaldehyde and 3-nitrobenzaldehyde, new derivatives of 4-[4-(benzylideneamino)phenylamino]-3-nitrobenzopyran-2-ones, (4a-4c) are synthesized, as condensation products. In the last series of reactions, by cyclization of the product 4(a-c) and thioacetic acid, corresponding 1-[4-(3-nitro-2-oxo-2H-chromen-4-ylamino)phenyl]-azetidin-2-ones (5a-5c) are synthesized. Structural characterization of the synthesized products is based on spectrometric IR and NMR data. In the IR spectrum of the product, 3 appeared an absorption signal absorption at 3470.92 cm -1 which are responsible for ν(NH2) stretching vibrations. The absorption signal at 3055.16 cm -1 , appeared due to ν(CH) stretching vibrations of the aromatic ring. The sharp peak at 1708.54 cm -1 region is responsible for ν(C=O) stretching vibrations, whereas the absorption peak at 1614.38 cm -1 region resulted from ν(C=C) stretching vibrations of the aromatic ring. The peak at 1511.25 cm -1 resulted from the absorptions of asymmetric ν(NO2) stretching vibrations, while the peak at 1327.77 cm -1 resulted from symmetric ν(NO2) stretching vibrations. On the other hand, the absorption peak at 1220.36 cm -1 is characteristic for vibrations of the lactonic stretching system (C-O-C), while the sharp peak at 750.71 cm -1 resulted from characteristic bending vibrations δ(C-H) oop of the aromatic ring.
In the IR spectrum of 4a, an absorption signal appeared at 3461.45 cm -1 which are responsible for ν(NH) stretching vibrations, while absorption signal at 3075.24 cm Absorption at 1221.34 cm -1 is also characteristic for stretching(C-O-C) vibrations of the lactonic ring, whereas the sharp peak at 756.85 cm -1 is characteristic for bending δ(C-H) oop vibrations of the aromatic ring. On the other hand, signals from 1 H-NMR spectrum correspond to the absorption of respective protons. A proton singlet displayed at 8.35 ppm resulting from N=C-H. Also in the 13 C-NMR spectrum is displayed a signal at 165.4 ppm which corresponds to the C=N carbon.
Scheme 1. Synthesis of azetidin-2-ones [(3-Nitro-2-oxo-2H-chromen-4-ylamino)phenyl]phenylazetidin-2-ones
The IR spectra of compound 4b, showed the absorption signal at 3451.94 cm -1 which is responsible for ν(NH) stretching vibrations, the broad band at 3307.35 cm -1 correspond to stretching ν(OH) absorption, and a signal at 3079.24 cm -1 resulted due to ν(CH) stretching vibrations of the aromatic ring. The sharp peak at 1684.15 cm -1 resulted from ν(C=O) stretching vibrations, whereas signals at 1608.97 and 1552.51 cm -1 result from ν(C=N) and ν(C=C) stretching vibrations. The peak at 1514.34 cm -1 corresponds to absorptions of asymmetric ν(NO2) stretching vibrations, while the one at 1320.49 cm -1 due to symetric ν(NO2) stretching vibrations. Absorption signal at 1211.64 cm -1 is characteristic for stretching vibrations of the lactonic (C-O-C) system, and the sharp peak at 761.67 cm -1 resulted from δ(C-H) bending oop vibrations of the aromatic ring. In the 1 H-NMR spectrum, besides multiplets of aromatic protons, a proton singlet resulting from N=C-H appears at 8.38 ppm. In the 13 C-NMR spectrum are also displayed a signal at 163.8 ppm, which correspond to C=N carbon.
The IR spectra of 4c showed an absorption peak at 3455 cm -1 which are responsible for ν(NH) stretching vibrations, while the absorption signal at 3081.54 cm -1 resulted from ν(CH) aromatic vibrations. The peak at 1687. C-NMR spectrum also displayed a signal at 163.7 ppm, that correspond to C=N and a signal at 162.6 ppm resulted from C=O carbon.
In the IR spectra of the compound 5a, a sharp absorption signal appeared at 3490 cm -1 , which is responsible for ν(NH) stretching vibrations whereas the absorption peak at 3086.34 cm -1 resulted from ν(CH) vibrations of the aromatic system. The medium band at 2933.88 cm -1 resulted from the absorptions of ν(CH) stretching vibrations of aliphatic protons, whereas the sharp peak at 1687.18 cm -1 from ν(C=O) stretching vibrations. The absorption signal at 1611.68 cm -1 resulted from ν(C=C) stretching aromatic vibrations. The characteristic signals of the nitro group appeared at 1516.35 cm -1 due to asymmetric stretching, whereas at 1328.68 cm -1 for symmetric ν(NO2) stretching vibrations. The absorption peak at 1206.66 cm -1 resulted from lactonic ν(C-O-C) stretching vibrations, whereas at 756.92 cm -1 appeared the absorption signal resulted from δ(CH) oop vibrations of the aromatic system. In the 1 H-NMR spectra, a proton singlet at 5.6 ppm resulted from N-C-H, while two doublets at 6.7 and 6.9 ppm and a multiplet at 7.5-7.0 ppm correspond to aromatic protons. A doublet at 3.5 ppm resulted from aliphatic CH2 protons of the azetidinone system. 13 C-NMR spectra appeared three peaks at 172.5, 162.6 and 161.8 which results from C=O and C-N carbons, whereas a signal at 55.4 ppm resulted from the CH-N of the azetididinone ring. An absorption signal at 36.4 ppm appeared due to methylene carbon.
In the IR spectra of the compound 5b, a broad absorption signal appeared at 3540-3280 cm -1 which are responsible for ν(OH) stretching vibrations and the absorption signal at 3111.04 cm -1 for ν(CH) stretching vibrations of the aromatic ring. The peak at 2942.48 cm -1 resulted from the absorptions ν(CH) stretching vibrations of the methylene group, while at the peak of 1721.68 cm -1 correspond to ν(C=O) stretching lactonic ν(C-O-C) vibrations. In the 1 H-NMR spectra are shown characteristic signals at 3.6 ppm (d, 2H, CH2), and at 5.7 ppm (t, 1H, N-C-H). 13 C-NMR spectra also showed a signal at 162.8 (C=N) and absorptions at 56.5 ppm (CH-N) and 37.2 ppm (CH2). H-NMR spectrum, a triplet at 5.8 ppm and a doublet at 3.7 pm correspond to proton absorptions of N-C-H and CH2 of the azetidinone ring. Also in the 13 C-NMR spectra, the azetidinone carbon signals appear at 54.6 ppm (CH-N) and 38.6 ppm, (CH2).
[(3-Nitro-2-oxo-2H-chromen-4-ylamino)phenyl]phenylazetidin-2-ones
Antibacterial activity of the products 4a-4c and 5a-5c
Following this study, compounds 4a-4c and 5a-5c are investigated for their antibacterial activity. Our research is oriented to test the activity against bacteria S. aureus, E. coli, and Klebsiella, on the basis of Standard Disc Method, 24 by measuring the zones of inhibition around the standard discs. The discs have previously been impregnated with solutions of the products in DMF with concentrations of 2 mg mL -1 , 4 mg mL -1 and 6 mg mL -1 . Results are shown in Table 2 .
Compounds of series 4 showed moderate antimicrobial activity against these microorganisms, whereas those of series 5 exhibited significant activity. Products 5b and 5c were most active against S. aureus, compounds 5b and 5a showed the most activity against E. Coli whereas 5a and 5b were more active against Klebsiella.
Antibacterial activity against E. Coli and Klebsiella appeared as bactericide activity is displayed in large-scale. Furthermore, these compounds expressed both bacteriostatic and bactericide activity against S. Aureus. [ (3-Nitro-2-oxo-2H-chromen-4-ylamino) Bacteriostatic activity is exhibited in a large range (+2.0 mm), whereas bactericide activity showed in small diameter. Azetidin-2-one moiety showed significant impact on antimicrobial activity, whereas the impact of polar groups also was distinct. It is particularly noted the impact of the hydroxy group of 5b, which has affected the increase in antibacterial activity. Moreover, nitro group of 5b has shown significant impact on the range of inhibition of E. coli.
The assumption is that antibacterial activity may result as a consequence of the involvement of these products in enzymatic reactions. These products can cause enzymatic inhibition, by inhibiting cell wall construction of the microorganisms. However, mechanism of enzymatic inhibition is not yet fully studied. In general, by increasing the concentration of solvents, their antimicrobial activity increased.
Conclusions
New derivatives of 4-[4-(benzylidene-amino)-phenylamino]-3-nitrobenzopyran-2-ones, 4a-4c and respective azetidin-2-ones, 5a-5c are synthesized in the moderate and high yield. Compounds 5b and 5c were most active against S. aureus, compounds 5b and 5a showed more activity against E. Coli, while 5a and 5b were more active against Klebsiella bacteria. The impact of polar groups in antibacterial activity was significant. Antibacterial activity is shown to be proportional to the concentration of these compounds.
